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Summary  Nosocomial  urinary  tract  infection  (UTI)  increases  hospitalization,  cost
and  morbidity.  In  this  cohort  study,  we  aimed  to  determine  the  incidence,  risk  fac-
tors,  etiology  and  outcomes  of  UTIs  in  post-operative  cardiac  children.  To  this  end,
we  studied  all  post-operative  patients  admitted  to  the  Pediatric  Cardiac  Intensive
Care  Unit  (PCICU)  in  2012,  and  we  divided  the  patients  into  two  groups:  the  UTI
(UTI  group)  and  the  non-UTI  (control  group).  We  compared  both  groups  for  multiple
peri-operative  risk  factors.  We  included  413  children  in  this  study.  Of  these,  29  (7%)
had  UTIs  after  cardiac  surgery  (UTI  group),  and  384  (93%)  were  free  from  UTIs  (con-
trol  group).  All  UTI  cases  were  catheter-associated  UTIs  (CAUTIs).  A  total  of  1578
urinary  catheter  days  were  assessed  in  this  study,  with  a  CAUTI  density  rate  of  18
per  1000  catheter  days.  Multivariate  logistic  regression  analysis  demonstrated  the
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following  risk  factors  for  CAUTI  development:  duration  of  urinary  catheter  placement
(p  <  0.001),  presence  of  congenital  abnormalities  of  kidney  and  urinary  tract  (CAKUT)
(p  <  0.0041)  and  the  presence  of  certain  syndromes  (Down,  William,  and  Noonan)
(p  <  0.02).  Gram-negative  bacteria  accounted  for  63%  of  the  CAUTI.  The  main  causes
of  CAUTI  were  Klebsiella  (27%),  Candida  (24%)  and  Escherichia  coli  (21%).  Resistant
organisms  caused  34%  of  CAUTI.  Two  patients  (7%)  died  in  the  UTI  group  compared
with  the  one  patient  (0.3%)  who  died  in  the  control  group  (p  <  0.05).  Based  on  these
ﬁndings,  we  concluded  that  an  increased  duration  of  the  urinary  catheter,  the  pres-
 presence  of  syndromes  comprised  the  main  risk  factors  for
rganisms  were  the  main  causes  for  CAUTI,  and  one-third  of
nt  in  this  single-center  study.
dulaziz  University  for  Health  Sciences.  Published  by  Elsevier
ed.
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A nurse  or  an  anesthetist  inserted  these  catheters
using aseptic  techniques  in  the  operation  room.ence  of  CAKUT,  and  the
CAUTI.  Gram-negative  o
them  found  to  be  resista
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osocomial  infections  after  pediatric  cardiac
urgery are  common,  occurring  in  16—31%  of  cases
1—4].  Blood  stream  infection  (BSI),  ventilator
ssociated-pneumonia  (VAP),  urinary  tract  infec-
ion (UTI)  and  surgical  site  infection  (SSI)  are  the
ain causes  for  nosocomial  infections  [2]. The
evelopment  of  nosocomial  infections  increases  the
reatment cost  and  leads  to  morbidity  and  mortality
n the  affected  patients  [5].
The information  available  about  nosocomial  UTIs
n children  undergoing  cardiac  surgery  is  limited.
he majority  of  the  published  data  address  nosoco-
ial UTIs  in  general  ICUs,  and  there  is  a  striking
aucity of  data  about  UTI  and  CAUTI  develop-
ent in  specialized  Pediatric  Cardiac  ICUs  (PCICUs).
ecently,  many  authors  have  advocated  establish-
ng specialized  dedicated  pediatric  cardiac  ICUs  to
mprove outcomes  [7]. The  characteristic  features
f these  specialized  units  in  terms  of  their  infec-
ion rate,  type  of  infection,  causes  and  outcomes
herefore require  evaluation.  Furthermore,  many
ospitals  have  recently  started  reporting  the  emer-
ence of  resistant  organisms  in  their  ICUs  [6]. The
agnitude  and  impact  of  this  problem  in  PCICU
atients requires  further  study  and  analysis.
The objectives  of  this  study  are  to  determine  the
ncidence,  etiology,  main  risk  factors,  and  outcome
f UTIs  in  post-operative  cardiac  children  admitted
o the  PCICU.
ethods
e  conducted  this  retrospective  cohort  study
n prospectively  collected  data  in  the  PCICU  at
ing Abdulaziz  Cardiac  Center,  Riyadh,  Saudi  Ara-
ia. Our  PCICU  consists  of  12  beds.  The  average
nnual number  of  medical—surgical  admissions  is
A
t
R
bpproximately  550  patients;  approximately  80%
f these  patients  are  admitted  following  cardiac
urgery.  The  majority  of  cardiac  surgeries  per-
ormed are  open-heart  surgery  (80%).
We  included  all  post-operative  patients  less  than
4 years  of  age  admitted  to  our  PCICU  between
anuary 1st  2012  and  December  31st  2012.  Patients
dmitted  for  other  reasons  were  excluded.  Patients
ere  followed  and  evaluated  for  the  development
f UTIs.  Patients  were  divided  into  two  groups:  the
atients who  had  UTIs  (UTI  group)  and  the  patients
ho did  not  have  UTIs  (control  group).  Data  were
ollected  using  a standardized  data  collection  form.
emographic,  clinical  and  microbiologic  data  were
ollected from  the  patients’  medical  records  and
rom the  microbiology  laboratory  records.  Our  Insti-
utional Review  Board  (IRB)  approved  the  study.  We
ompared the  two  groups  in  terms  of  their  age,
eight, intra-operative  variables,  urinary  catheter
uration,  presence  of  syndrome,  presence  of  con-
enital abnormalities  of kidney  and  urinary  tract
CAKUT),  use  of  total  parenteral  nutrition  (TPN),
ssociation  with  other  nosocomial  infections,  the
resence of  an  open  or  closed  chest  postopera-
ively, mechanical  ventilation  duration,  the  number
nd duration  of  inotropes  and  the  length  of  the
CICU and  hospital  stay.
To deﬁne  patients’  surgical  risk,  we  used  the
ACHS-1  score  to  divide  patients  into  six  surgical
isk categories  [8,9]. We  evaluated  the  duration  of
he urinary  catheter  and  the  incidence  of  UTIs  in
ach of  the  RACHS-1  categories.
All patients  undergoing  cardiac  surgery  had  a uri-
ary catheter  inserted  at  the  time  of  the  surgery.fter  surgery,  the  primary  nurses  in  PCICU  checked
he urinary  catheters  routinely  during  each  shift.
outine  changes  in  the  urinary  catheter  have  not
een adapted  as  a  policy  in  our  unit  unless  there
c
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is  a  speciﬁc  indication,  such  as  for  malfunction  or
leakage.  A  Foley  catheter  with  a  balloon  was  used
in the  majority  of  cases.  All  babies  less  than  2.5  kg
had some  type  of  catheter  in  the  urethra,  either  a
Foley’s catheter  or,  if  the  patient  was  too  small,  a
nasogastric  tube.
At  the  time  of  study,  there  was  no  policy  to
change the  urinary  catheter  after  a  certain  num-
ber of  days  or  any  protocol  for  removing  the  urinary
catheter  during  the  study  period.  Furthermore,  no
speciﬁc protocol  for  UTI  or  CAUTI  prevention  was
used in  our  PCICU  during  the  study  period.  The
catheter’s need  and  duration  were  assessed  daily
during medical  team  rounds,  and  the  decision  to
remove the  urinary  catheter  was  based  on  the  judg-
ment of  the  primary  physician.  Due  to  the  lack  of  a
uniﬁed protocol  to  deal  with  the  urinary  catheter,
there was  some  variability  in  the  decision  to  remove
the urinary  catheter  depending  on  best  judgment
of the  attending  physician  and  the  team  in  service.
Post-operative screening  for  UTIs  was  done  when-
ever indicated  as  part  of  a  sepsis  workup  if  infection
was suspected.  Urine  analysis,  gram  stains  and
urine dipsticks  were  not  routinely  part  of  the  sepsis
workup.  US  analyses  of  the  kidneys  and  diagnoses
of genito-urinary  anomalies  were  done  either  pre-
operatively  in  the  non-UTI  cases  or  post-operatively
as part  of  the  screening  workup  after  UTI  diagnoses.
Deﬁnitions
The  diagnosis  of  a  UTI  was  made  in  any  symptomatic
patient with  fever,  leukocytosis  or  leukopenia,
vomiting, apnea,  bradycardia  or  hemodynamic
embarrassment  with  bacteriuria,  as  proven  by
cultures  collected  in  an  aseptic  technique  by
indwelling  urinary  catheters  or  supra-pubic  needle
aspiration.
CAUTI  deﬁnition  was  adopted  from  the  National
Healthcare Safety  Network  —  Center  for  Disease
Control and  prevention  —  and  applied  to  all  our
cases for  CAUTI  diagnosis.  (http://www.cdc.
gov/nhsn/PDFs/pscMnual/7pscCAUTIcurrent.pd).
The following  criteria  were  used  to  deﬁne
culture-positive  CAUTI:
1. The  patient  had  an  indwelling  urinary  catheter
that had  been  in  place  for  >  two  days,  where  the
day of  device  placement  is  designated  as  day  1.
2. The  patient  has  at  least  one  of  the  follow-
ing signs  or  symptoms:  fever  (>38.0 ◦C)  or
hypothermia (<36.0),  lethargy,  vomiting,  apnea
or bradycardia.
3. Patient  has  a  urine  culture  with  no  more  than
two species  of  organisms,  at  least  one  of  which
is a  bacteria  of  ≥105 CFU/ml.
d
t
c
dM.S.  Kabbani  et  al.
The  CAUTI  incidence  density  rate  (i.e.,
atheter-related  UTI  rate  per  1000  urinary  catheter
ays) is  calculated  by  dividing  the  number  of  urinary
atheter-associated  UTIs  by  the  number  of  urinary
atheter  days  and  multiplying  the  result  by  1000
10].
evice utilization ratio
he  urinary  catheter  utilization  ratio  is  calculated
y dividing  the  number  of  urinary  catheter  days  by
he number  of  patient  PCICU  days  and  multiplying
he result  by  100  [10].
ulti drug resistant organisms (MDRO)
DROs  are  bacteria  that  are  resistant  to
ne or  more  classes  of  antimicrobial  agents
http://www.cdc.gov/hicpac/mdro/mdro  2.html)
11—13].
xtended spectrum beta-lactamases (ESBL)
SBLs  are  deﬁned  as  enzymes  produced  by  certain
acteria that  are  able  to  hydrolyze  extended  spec-
rum cephalosporin  [14].
etermining bacterial susceptibility and
esistance
he  clinical  and  laboratory  standard  institute  (CLSI)
as used  in  our  cases  to  determine  the  susceptibil-
ty of  microbial  organisms  to  antibiotics  using  the
reak-point  dilution  method.
tatistical analysis
ontinuous  variables  were  analyzed  by the
ilcoxon Rank-Sum  test,  and  categorical  variables
ere analyzed  by  Fisher’s  Exact  Test.  P  values  less
han 0.05  were  considered  statistically  signiﬁcant.
e analyzed  our  data  using  SAS  software,  and
oisson logistic  regression  analysis  was  used  to
etermine  the  independent  risk  factors.
esults
 total  of  413  pediatric  patients  underwent  cardiac
urgery  during  the  study  period.  Of  these  patients,
9 (7%)  in  (UTI  group)  experienced  UTIs  after  car-
iac surgery  during  their  PCICU  stay  and  384  (93%)  in
he control  group  were  free  from  UTI.  The  patient
haracteristics and  possible  risk  factors  for  the
evelopment  of  UTIs  are  shown  in  Table  1.
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Table  1  Characteristics  and  univariate  analysis  of  413  pediatric  post-cardiac  surgery  patients  with  and  without
UTI.
Variable  UTI  Group  (%),  n  =  29  Control  Group  (%),  n  =  384  P  Value
Mean  ±  SEM  Median  Mean  ±  SEM  Median
Male/female  (Male  %) 16/13  (55%) 212/172  (55%) 1
Average  age  (months) 7.48  ±  2.9 3  22.67  ±  1.5 9  <0.0001
Average  weight  (kg)  4.4  ±  0.5  3.5  9.2  ±  0.3  7  0.0001
Open  heart  surgery
(334/413)
25/29 (86%)  309/384  (80%)  0.44
Average  Bypass  time
(minutes)
130.3  ±  14  126  91.5  ±  2.8  82  0.0064
Average  Cross  clamp  time
(minutes)
82.9  ±  9.7  78  63.5  ±  2.4  57  0.065
Average  duration  of
Urinary  Catheter  (day)
13  ±  1.8  9  3.1  ±  0.3  2  <0.0001*
Associated  Bacteremia  13/29  (45%)  10/384  (2.6%)  <0.0001
Average  number  of
inotropes  used  in  PCICU
1.8 ±  0.2  2  1.3  ±  0.03  1  <0.001
Ave  duration  of  inotropes
infusion  (Hours)
18 ±  0.2  13  4.6  ±  0.3  2  0.0001
Aver  length  of  PCICU  stay
(day)
29.6  ±  4.4  22  7  ±  0.7  4  0.0001
Ave  length  of  Hospital  stay
(day)
58 ±  8.7  41  21  ±  1.3  14  0.0001
Average  duration  of
mechanical  ventilation
(hours)
16.7  ±  3.2  12  3.1  ±  0.3  1  <0.001
Associated  Ventilator
Associated  Pneumonia
15/29  (52%)  35/384  (9%)  <0.0001
Associated  Surgical  Site
Infection
1/29  (3.4%) 8/384  (2%)  0.4841
Delayed  sternal  closure 3/29  (10%) 9/384  (2%) <0.05
Presence  of  Syndrome
(56/413)
10/29  (35%) 46/384  (11%) <0.01
Use  of  Total  Parenteral
Nutrition
5/29 (17%)  24/384  (6.2%)  <0.05
Congenital  anomalies  of
kidney  &  urinary  tract
(CAKUT)
9/29  (31%)  19/384  (5%)  <0.01*
Combined  RACHS  1  +  2  +  3
groups  (low  surgical
risk)
24/29  (83%)  353/379  (93%)  <0.05
Combined  RACHS  4  +  5  +  6
groups  (high  surgical
risk)
5/29  (17%)  26/379  (7%)  <0.05
Mortality  2/29  (7%)  1/384  (0.3%)  <0.05
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c* Logistic regression analysis showed statistically signiﬁcant
The  413  patients  had  a  total  of  1578  urinary
atheter-days,  with  a  CAUTI  density  rate  of  18
er 1000  catheter-days  and  a  device  utilization
atio of  44%.  Of  the  29  patients  with  CAUTI,  22
76%) had  bacterial  infections,  ﬁve  (17%)  had  fun-
al infections,  and  two  (7%)  had  both  bacterial  and
ungal infections  (Table  2).  The  two  patients  who
ad fungal  and  bacterial  positive  urine  cultures,
n
T
wrence.
he  ﬁrst  had  Candida  albicans  and  vancomycin-
esistant enterococci, while  the  second  had  C.
lbicans  and  Klebsiella  pneumonia  positive  urine
ultures.  Gram-negative  organisms  were  the  main
auses of  bacterial  UTI  infections.  Causative  orga-
isms were  resistant  in  10  of  the  29  cases  (34%).
he use  of  Meropenem  was  required  in  7/10  cases
ith resistant  organisms.  Data  on  the  antibiotic
604  
Table  2  Etiology  of  UTI  infection  in  29  post-
operative  cardiac  cases  in  PCICU  and  type  of  organisms
with  pattern  of  resistance.
Organisms  type  Number  of  cases  (%)
Klebsiella  8/29  (27%)
•  Klebsiella
pneumoniae  (ESBL)
•  3/29  (10%)
•  K.  pneumoniae  •  4/29  (14%)
•  Klebseilla  oxytoca
(MDRO)
•  1/29  (3%)
Candida  7/29  (24%)
•  Candida  albicans  •  4/29  (14%)
•  Candida  lusitaniae  •  2/29  (7%)
•  Candida  tropicalis  •  1/29  (3%)
Escherichia  coli  (50%
of  E.  coli  are  ESBL)
6/29  (21%)
•  E.  coli  •  3/29  (10%)
•  E.  coli  (ESBL)  •  3/29  (10%)
Pseudomonas  4/29  (14%)
Enterococcus  faecium 4/29  (14%)
•  VRE  (25%) •  1/29  (3%)
Enterobacter  cloacae
(33%  are  MDRO,  33%
are  ESBL)
3/29  (10%)
•  E.  cloacae  (ESBL)  •  1/29  (3%)
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abnormalities include  hydronephrosis  (four  cases),•  E.  cloacae  (MDRO)  •  1/29  (3%)
susceptibility  and  sensitivity  of  the  bacteria  that
cause UTIs  are  provided  in  Table  6.
In 10/29  (34%)  patients  in  the  UTI  group,
CAUTI occurred  as  an  isolated  nosocomial  infec-
tion. However,  in  the  other  19  patients  of  the
UTI group,  CAUTI  occurred  in  association  with  the
v
(
s
Figure  1  Distribution  of  Pneumonia  and  BSI  in  29  patients  wit
microbial  =  one  microbe  causing  infections,  poly-microbial  =  mM.S.  Kabbani  et  al.
ther  nosocomial  infections  such  as  pneumonia  or
epticemia (Table  5).  Either  the  same  organisms
mono-microbial)  were  isolated  from  all  infected
ites, or  different  organisms  (poly-microbial)  were
solated from  different  sites,  as  demonstrated  in
ig.  1.
The median  time  for  UTI  diagnosis  in  our  patient
opulation was  ﬁve  days,  with  a mean  ±  SEM  of
.8 ± 2.6  days  post  cardiac  surgery  (1—71  days).
0% of  the  UTI  cases  were  detected  between  the
th and  7th  post-operative  day.  408/413  surgical
ases were  classiﬁed  according  to  the  RACHS-1  sur-
ical risk  categories  (5  cases  in  the  control  group
ould not  be  classiﬁed).  The  distribution  of  these
ases,  the  number  of  patients  who  developed  UTIs
n each  category  with  their  percentage  and  the
verage duration  of  urinary  catheter  placement  in
ach surgical  risk  category  are  shown  in  Table  3.  We
bserved almost  a 10-fold  increase  in  the  incidence
f UTI  between  patients  in  the  lowest  surgical  risk
RACHS 1  and  2)  and  the  highest  surgical  risk  cate-
ory (RACHS  5 and  6).  The  average  duration  of  each
rinary catheter  increased  three  times  between
atients in  the  lowest  (RACHS  1  and  2)  and  highest
RACHS 5  and  6)  surgical  risk  categories  (Table  3).
CAKUT  was  seen  more  commonly  in  patients
ho developed  UTIs  (31%)  compared  to  non-UTI
ases (5%)  (p  <  0.05).  The  majority  of  abnormal-
ties were  detected  by  kidney  ultrasound.  Theseesico-ureteral  reﬂux  (one  case),  left  kidney  cysts
one case),  left  atretic  kidneys  (one  case),  unde-
cended  testes  with  hypospadia  (one  case)  and
h  nosocomial  UTI  after  pediatric  cardiac  surgery.  (Mono-
ore  than  one  type  of  microbe  causing  infections).
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Table  3  Number  of  UTI  and  non-UTI  cases  in  each  surgical  risk  category  (RACH-1  to  RACHS-6)  with  average  duration
of  urinary  catheter  (days)  in  each  category.
Surgical  risk
category
RACHS-1  RACHS-2  RACHS-3  RACHS-4  RACHS-5  RACHS-6
Number  of
UTI/All  Cases
in  the  category
(UTI%  in  each
surgical  risk
category)
0/16
(0%)
12/226
(5%)
12/135
(8%)
2/25
(8%)
1/2
(50%)
2/4
(50%)
Average  duration
of  urinary
catheter  days
2 ±  2.9  3  ±  3.9  5  ±  7.7  5  ±  5.2  8  ±  0.7  10  ±  5.6
Table  4  Poisson  logistic  regression  analysis  demonstrating  statistically  signiﬁcant  independent  risk  factors  for  UTI
in  post-operative  cardiac  children.
Incidence  rate  ratio  (IRR) 95%  Conﬁdence  interval P Value
Lower  limit  Higher  limit
Duration  of  urinary  catheter  1.07  1.05  1.10  <0.0001
Presence  of  associated  syndrome  2.73  1.16  6.36  0.02
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(Genito-urinary  tract  abnormality  3.6  
ortical  calciﬁcation  [1]. 2/29  (7%)  patients  in  the
TI group  died,  while  1/384  patient  died  in  the
ontrol group  (0.3%)  (p  < 0.05).
Univariate  analysis  demonstrated  a  statistically
igniﬁcant difference  between  the  UTI  and  control
roups  in  many  variables  (Table  1).  Multivari-
te analysis  for  all  variables  demonstrated  that
he independent  risk  factors  for  developing  UTIs
ost-cardiac  surgery  were  the  duration  of  urinary
atheter placement  (p  <  0.0001),  the  presence  of
rogenital  abnormalities  (CAKUT)  (p  =  0.004),  and
he association  with  Down,  Di  George  or Noonan
yndromes (p  =  0.02).  (Table  4).
iscussion
hildren  requiring  cardiac  surgery  represent  a spe-
ial type  of  critically  ill  patients.  Many  of  them
re young  infants  under  six  months  of  age  or  even
eonates requiring  urgent  cardiac  repair.  In  our
atient population,  more  than  one-third  of  our
atients  (37%)  are  under  six  months  of  age,  and
0% of  them  are  neonates.  Neonatal  age  is  the
econd most  powerful  risk  factor  for  nosocomial
nfection after  cardiac  surgery  [2]. Additionally,
alnutrition,  poor  feeding,  long  pre-operative  hos-
italization  and  failure  to  thrive  are  common
ndings that  escalate  the  infection  risk  in  children
ith  congenital  heart  disease,  particularly  those
t
d
u
p1.5  8.6  0.004
ssociated  with  left-to-right  shunting  [36]. Further-
ore 80%  of  our  cases  required  cardio-pulmonary
ypass  with  various  invasive  interventions.  The  use
f cardiopulmonary  bypass  and  hypothermia  during
pen-heart  surgery  are  associated  with  a  systemic
nﬂammatory responses  that  have  many  nega-
ive effects  on  the  immunologic  system  [15,16].
s a  result,  pediatric  patients  undergoing  car-
iac surgery  are  exposed  to  a  signiﬁcant  risk  of
nfection  compared  to  other  non-cardiac  patients
2,17,18].  Studies  of  nosocomial  UTIs  in  general
ulti-disciplinary  PICUs  have  shown  that  preced-
ng cardiovascular  surgery  is  an  independent  risk
actor for  UTIs  in  PICU  patients  [19].  This  may
xplain in  part  the  higher  incidence  of  nosoco-
ial infections  observed  in  post-operative  cardiac
hildren.
In a  recent  report  by  the  National  Healthcare
afety Network  (NHSN),  which  reﬂects  mainly  U.S.
ospitals and  reports  primarily  on  the  nosocomial
nfection rate  of  their  ICUs,  the  CAUTI  was  reported
o range  between  2.7  and  3.4  per  1000  urinary
atheter-days in  PICUs  [10]. On  the  other  hand,
n another  NHSN  report  assessing  nosocomial  infec-
ions in  the  general  PICUs  of  a  developing  country
Brazil), the  authors  reported  a higher  urinary
ract infection  rate  of  7/1000  urinary  catheter-
ays [3]. Moreover,  UTIs  in  neonatal  intensive  care
nits (NICUs)  were  also  reported  to  be  8%  of  NICU
atients [20].
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Table  5  Organisms  causing  UTI  and  other  associated  nosocomial  infections.
Case  UTI  Blood  stream  infection  Pneumonia
1  Klebsiella  pneumoniae
2  K.  pneumoniae
3  Pseudomonas
aeruginosa
4 Escherichia  coli
5  Enterococcus  faecium
6  Enterobacter  cloacae
7  Candida  lusitaniae
8  E.  coli
9  P.  aeruginosa
10  E.  cloacae
11  K.  pneumonia  +  Candida
albicans
K.  pneumoniae  K.  pneumoniae
12  Klebseilla  oxytoca  K.  oxytoca  K.  oxytoca
13  K.  pneumoniae  K.  pneumoniae  K.  pneumoniae
14  K.  pneumoniae  K.  pneumoniae
15  K.  pneumoniae  K.  pneumoniae
16  K.  pneumoniae  K.  pneumo-
niae  +  Acinetobacter
baumannii
17  E.  coli Corynebacterium  +  Staphylococcus
18  E.  coli K.  pneumoniae
19  E.  coli K.  pneumoniae  +  C.
albicans
Escherichia  coli
20  P.  aeruginosa  E.  faecium  P.  aeruginosa
21  C.
albicans  +  Enterococcus
species
E.  cloacae  +  C.  albicans
22  K.  pneumoniae  K.  pneumoniae  P.  aeruginosa
23  P.  aeruginosa  E.  cloacae  +  P.
aeruginosa
E.  cloacae
24  P.  aeruginosa  E.  cloacae  A.  baumannii
25  E.  faecium  P.  aeruginosa
26  E.  cloacae  P.  aeruginosa  E.  cloacae  +  P.
aeruginosa
27  Candida  tropicalis  C.  tropicalis
28  C.  lusitaniae  E.  cloacae
29  C.  albicans  C.  albicans  +  P.
l
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cIn  our  study,  the  incidence  of  UTIs  was  7%,
with an  infection  density  rate  of  18/1000  urinary
catheter-days. Our  UTI  incidence  density  rate  was
higher than  was  found  in  the  NHSN  report.  We
attributed our  high  UTI  rate  to  multiple  factors,
including a  different  patient  population,  a  greater
need to  use  indwelling  urinary  catheters  (40%  of  our
cases), a  high  percentage  of  neonates  undergoing
complex cardiac  surgery,  and  the  relatively  mal-
nourished  and  poor  status  of  many  of  our  patients.
Some intrinsic  factors  related  speciﬁcally  to  our
PCICU cannot  be  ruled  out  and  possibly  could  have
contributed  to  the  development  of  UTIs  in  our  unit.
Several  of  our  cardiac  cases  had  delayed  referral  for
o
l
taeruginosa
ogistic  reasons  that  ultimately  affected  their  med-
cal conditions,  resulting  in  increased  morbidity  and
ulnerability  to  other  infections.
An important  risk  factor  for  developing  UTIs
s demonstrated  by  our  multivariate  analysis  is
he duration  of  the  urinary  catheter  placement
p <  0.001).  In  our  patients,  the  duration  of  the  uri-
ary catheter  in  the  UTI  cases  was  four  times  longer
han the  duration  in  the  non-UTI  cases.  It  is  well
nown that  indwelling  urinary  catheters  are  asso-
iated with  bacteriuria  (3—10%)  and  a  10—25%  risk
f infection  [21]. While  the  urinary  catheter  uti-
ization ratio  in  general  PICU  patients  was  reported
o be  approximately  13%  to  20%,  in  our  unit  the
U
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Table  6  Sensitivity  and  resistance  of  bacteria  in  UTI  cases.  Clinical  and  laboratory  standard  institute  (CLSI)  is  used  in  our  cases  to  determine  susceptibility  of
microbial  organism.  S  =  sensitive,  I  =  intermediate,  R  =  resistant,  N  =  Not  performed.
Case Organism Ampicillin Amikacin Cefazolin Cefotaxime Gentamicin Ceftazidime Bactrim Nilrofurantion Ciproﬂoxacin Meropenem Imipenem Tazocin Vancomycin Linezolid
1 Eschericia coli R N S N S N R S S N N N N N
2 E. coli (ESBL) N I N N R N R S N  S S N N N
3 E. coli (ESBL) R I N R R N R S R S N N N  N
4 E. coli (ESBL) N I N  N R N R S R S  S N N  N
5 E. coli R  N S N N N S S S N  N N  N N
6 E. coli R  N R R S N S S S N  S N  N N
7 Enterobacter
cloacae
N  N N N S N S I  S N  N N N N
8 E. cloacae
(MDRO)
N  N N N N N S R S  N N N N N
9 Enterobacter
species
N  N N N S S S S N N N N N N
10 Psedomonas
aeruginosa
N  N N N S S N N S N N N N N
11 P. aeruginosa N N N N S S N N S N N S N N
12 P. aeruginosa N N N N S S N N N  N N S  N N
13 P. aeruginosa N  I N N S N N N S N N S  N N
14 Vancomycin
resistant
enteococcus
(VRE)
R  N N N N N N I  R N N N  R S
15 Enterococcus
faecalis D
R N N N N N N I  S N N N  S N
16 E. faecalis D R N N N N N N R S N N N S N
17 E. faecalis D S N N N N N S R N N N  N N N
18 Klebsiella
oxytoca
(MDRO)
N  R N N R N R S S S S  N N N
19 Klebsiella
pneumonia
(ESBL)
N  N N N S N S I  R S S N N  N
20 K. pneumonia N N N N S N S S S S  S N N  N
21 K. pneumonia
(ESBL)
R  N R R S N N S S N N N N  N
22 K. pneumonia
(ESBL)
N  N N N S N S I  S N N N N  N
23 K. pneumonia N I  N N R N S N S N S N N  N
24 K. pneumonia R N N S N N S S S N N N N N
25 K. pneumonia R N N S S N S  S S N N  N N N
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ratio  was  relatively  higher,  reaching  44%  [10]. The
use of  indwelling  urinary  catheters  after  pediatric
cardiac surgery  is  needed  for  monitoring  the  urine
output,  ﬂuid  balance  and  effects  of  vasoactive
medications  and  diuretics.  Additionally,  hemody-
namic  instability,  a  low  cardiac  output  state  and
acute  kidney  injuries  are  frequent  complications
occurring after  neonatal  and  infant  heart  surgery;
therefore, the  precise  monitoring  of  the  urine  out-
put using  an  indwelling  catheter  becomes  a crucial
matter,  reﬂecting  on  the  device  utilization  ratio
[22—24].
Patients  who  needed  urinary  catheters  for  a
longer  duration  tend  to  be  sicker,  more  complex  and
unstable  high-risk  cases,  who  are  at  a  higher  risk
of developing  all  types  of  nosocomial  infections.
Indeed, we  observed  that  an  increasing  surgical
risk category  was  associated  with  a  trend  in  both
a longer  urinary  catheter  duration  and  a higher
UTI infection  rate  (Table  3).  This  observation  was
consistent  with  comparable  results  from  previously
published reports  about  the  BSI  rate  and  its  relation
to surgical  risk  category  in  post-operative  cardiac
children  [17].  Univariate  analysis  demonstrated  sta-
tistically signiﬁcant  differences  in  the  CAUTI  rates
between  patients  at  low  surgical  risk  categories
(RACHS-1, 2,  3)  (24/377  = 7%)  and  those  with  high
surgical  risk  categories  (RACHS  4,  5,  6)  (5/31  = 17%)
[1].
Realizing  all  of  the  risk/beneﬁt  elements  for
the urinary  catheter  mentioned  above,  we  believe
that the  careful  daily  assessment  and  evaluation  of
indwelling  urinary  devices  is a  necessity  that  should
be performed  regularly  to  minimize  this  leading  risk
factor for  nosocomial  UTIs  after  cardiac  surgery.
The guidelines  for  preventing  CAUTI  can  be  very
helpful and  should  address  the  daily  assessment  for
catheter need  and  call  for  immediate  removal  as
soon as  the  catheter  is  no  longer  needed  [3,35].
Dedicating  a  team  to  review  and  monitor  the  need
for invasive  devices  as  well  as  the  rate  of  associated
infections would  therefore  be  beneﬁcial  to  the  unit
[34].
The second  important  risk  factor  for  CAUTI
revealed by  multivariate  analysis  is  the  signiﬁ-
cant association  with  other  urogenital  anomalies
(p = 0.004).  This  association  was  described  in  pre-
vious reports  [31—33],  but  was  never  highlighted
to be  one  of  the  signiﬁcant  risk  factors  for  CAUTI
as it  appeared  in  our  patients  population,  this  may
be related  to  the  common  association  of  congen-
ital heart  diseases  and  urogenital  anomalies.  The
incidence  of  CAKUT  in  our  patients  who  under-
went cardiac  surgery  was  28/413  (7%),  whereas  the
reported  rate  in  the  general  pediatric  population
(1.7%) was  much  lower  [26]. We  found  that  31%
c
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f  our  UTI  cases  had  CAKUT  compared  to  5%  in
he non-UTI  cases  (p  <  0.05).  The  infection  risk  is
ell known  in  pediatric  patients  with  CAKUT.  In  one
tudy by  Quirino  et  al.,  the  authors  reported  an
lmost 30%  incidence  in  the  UTI  in  patients  with
AKUT. Their  infection  rate  is in  close  proximity
o the  UTI  rate  in  our  cases  with  similar  anoma-
ies (9/28)  (32%)  [27,28]. Because  the  prevalence
f CAKUT  is  almost  four  times  higher  in  children
ith congenital  heart  diseases  compared  to  normal
hildren,  the  ultrasound  screening  of infants  born
ith congenital  heart  disease  looking  for  kidney
nd urinary  tract  abnormalities  is  a  valuable  tool
n detecting  occult  CAKUT  cases  associated  with
ongenital  heart  problems.
The  third  risk  factor  identiﬁed  by  multivariate
nalysis was  the  association  with  Down,  DiGeorge
nd Noonan  syndromes;  this  may  be  related  to  the
mmune status,  which  are  frequently  reported  to
e compromised  in  this  patient  population  [34].
The majority  of  UTIs  in  our  cases  were  related
o gram-negative  organisms  such  as  K.  pneu-
onia and  Escherichia  coli.  37%  of  Klebsiella
nd 50%  of  E.  coli  were  ESBLs  with  only  weak
usceptibility or  resistance  to  third-generation
ephalosporins  and  aminoglycosides  and  requiring
he Carbapenem  class  of  antibiotics  (Meropenem)
iven the  critical  condition  of  the  majority  of  our
ases.  We  also  observed  emerging  multi-drug  resis-
ant organisms,  particularly  gram-negative  MDROs
n our  unit.  33%  of  the  Enterobacter  cloacae
nd 10%  of  Klebsiella  causing  UTIs  were  MDROs.
wenty-ﬁve percent  of  Enterococcus-causing  UTI
nfections  were  vancomycin-resistant  enterococci
VRE). Overall,  nearly  1/3  of  all  UTI  infections
n PCICUs  were  caused  by  MDRO,  ESBL  or  VRE.
lthough the  emergence  of  resistant  organisms  is
ot unique  to  our  unit,  it is  an  alarming  health
are problem  at  an  institutional  and  global  level
6]. It  has  been  described  in  many  ICUs  and  calls
nnounced for  implementing  strict  infection  con-
rol measures  to  prevent  infection  transmission  of
esistant bacteria.  It  also  requires  the  judicious  use
f antibiotics  and  mandatory  employment  of  antibi-
tic stewardship  program  to  minimize  the  risk  of
eveloping  more  resistant  organisms  [25,35].
In our  surgical  cases,  we  used  ﬁrst  gen-
ration cephalosporins  (Cefazolin)  for  48  h  as
ost-operative  prophylaxis,  mainly  to  minimize
he risk  of  surgical  site  infection.  First  gener-
tion cephalosporins  cover  mainly  gram-positive
rganisms. We  frequently  use  prophylactically  Van-
omycin and  Ceftazidime  in  neonates  and  patients
ith open  sternums.  Studies  have  demonstrated
hat prolonged  antibiotic  use  after  surgery  induces
ntimicrobial  resistance  and  may  facilitate  the
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olonization  of  foreign  devices  with  antimicrobial-
esistant organisms  [37].  Whether  this  recom-
ended prophylactic  regimen  contributes  to  the
evelopment  of  resistant  gram-negative  organisms
ithin  ICUs  remains  an  un-answered  question  that
eeds to  be  investigated.
Prolonged  hospitalization  was  also  found  to  be
n additional  risk  factor  for  nosocomial  UTIs  and
AUTIs in  our  patients.  Our  result  is  similar  in
ssence  to previous  reports  from  other  institutes.
urthermore, it  is  possible  that  pre-operative  hos-
italization  may  increase  the  risk  of  post-operative
osocomial  infection.  It  is  also  possible  that  UTI
evelopment  could  lead  to  prolonged  ICU  and  hos-
ital stays  [6,29,30].
There  are  many  risk  factors  that  were  signiﬁcant
y univariate  analysis  only;  however,  multivari-
te analysis  failed  to  show  statistically  signiﬁcant
ifferences. These  variables  include  lower  body
eights,  younger  ages,  associated  VAP  or  BSI,
ypass times,  cross  clamp  times,  the  need  to
eep the  sternum  open,  the  need  for  TPN,  pro-
onged  hospitalization,  higher  surgical  risk  category
4—6],  number  of  inotropes  needed  and  duration  of
notropic  support.  On  the  other  hand,  when  we  ana-
yzed the  impact  of  UTIs  on  mortality,  we  observed
 statistically  higher  mortality  rate  in  the  UTI  group
7% in  UTI  group  vs.  0.3%  in  control  group).  Nev-
rtheless, due  to  the  small  number  of  deceased
atients [3],  it  is  difﬁcult  to  draw  any  conclusions
n the  effects  of  UTIs  on  survival  and  larger  multi-
enter studies  is  probably  needed  to  deﬁne  the  true
ffects on  the  outcome.  We  believe  that  this  study
ighlights  the  impact  of  UTIs  and  CAUTIs  on  chil-
ren undergoing  surgical  cardiac  repair,  particularly
igh-risk complex  cases.  It  also  helps  establish  a
aseline clinical  benchmark  for  monitoring  the  inci-
ence, causes,  and  impact  of  UTIs  on  the  outcome
f post-operative  cardiac  patients  managed  in  PCI-
Us. Last  but  not  least,  this  study  will  also  help  in
ssessing  any  future  measures  considered  to  mini-
ize UTIs  in  critically  ill  pediatric  cardiac  patients
nd call  for  the  implantation  of  CAUTIs  to  decrease
he spread  of  resistant  micro-organisms,  the  overall
orbidity  and  the  cost  of  nosocomial  UTIs.
imitations
ur  study  has  some  limitations,  which  may  include
ur inability  to  study  all  of  the  possible  risk  factors
or UTIs.  A  further  limitation  of  our  study  is  the  fact
hat this  is a  single-center  rather  than  a  multicen-
er study,  and  a  retrospective  design  of  our  study.
e followed  the  urine  culture  results  and  did  not
ook at  the  potential  beneﬁts  of  simple  tests,  such
s the  urine  gram  stain  of  non-centrifuged  urine,609
rine  nitrite,  leukocyte  esterase,  urine  dip-strips
nd urine  analysis  for  the  early  detection  of  UTI  to
educe the  risk  of  CAUTI.  These  may  have  a  poten-
ial beneﬁt  individually  or  collectively.
There are  also  many  questions  that  we  could
aise but  were  not  addressed  in  this  study.  These
ay include  the  effects  of  using  antimicrobial
mpregnated  catheters,  applying  the  CAUTI  bundle,
ntibiotic  stewardship  program  on  the  infection
ate and  resistance.  We  also  did  not  look  into
he effects  of  the  screening  of  asymptomatic  post-
perative  patients  with  urine  analysis  and  cultures
or the  early  detection  of  UTIs  and  whether  the
mergence  of  gram-negative  resistant  organisms
s related  to  prophylactic  antibiotics  or  limited  to
elected units  or  certain  type  of  patients.  Thus,  fur-
her collaborative  studies  are  needed  in  future  to
ddress many  of  the  questions  raised  by  our  study.
onclusion
AUTI  occurred  in  7%  of  post-operative  cardiac
hildren. A  longer  duration  of  indwelling  urinary
atheters, the  presence  of  congenital  abnormali-
ies of  kidney  and  urinary  tract  (CAKUT)  and  the
resence  of  associated  syndromes  were  the  main
isk factors  for  CAUTI  development.  Gram-negative
rganisms and  Candida  are  common  etiologies  for
AUTI. Resistant  gram-negative  organisms  are  an
merging concern  in  ICUs.  This  requires  a  care-
ul multidisciplinary  approach  to  apply  different
easures that  may  include  guidelines  for  CAUTI
revention, strict  infection  control  practice,  judi-
ious antibiotics  usage  and  changes  in  practice  to
void as  many  major  risk  factors  as  possible.
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